Introduction
Comfort is defined by Slater as "a pleasant state of psychological, physiological and physical harmony between a human being and the environment" [1] . It is a broader term and includes three main subclasses, i.e. sensorial, psychological and thermo-physiological comfort [2] . The thermo-physiological comfort, discussed here, is a combination of thermal balance and physical/biochemical function of the body. Among many other factors, the thermo-physiological comfort is affected by the heat flow through the clothing and its moisture management capability [3, 4] . Air permeability of a clothing material also has a strong impact on thermo-physiological comfort. All these properties are interrelated and they further depend on many other factors including the characteristics of fibres, yarns, the structure of fabric produced from them and the subsequent treatments [3, [5] [6] [7] [8] ].
Different fibre materials offer different types of comfort properties. However, selection of fibre depends on a variety of factors. For example, polyester/cotton (P/C) blended fabrics rapidly gained importance, mainly due to the fact that both the fibres, when blended, compensate the shortcomings of each other, thus providing better properties than those provided by pure cotton or pure polyester fabrics [9] . However, the use of P/C fabrics in active wear such as sportswear is still limited primarily because of their lower moisture management capability.
Many approaches have been utilized to improve the comfort properties of polyester and cotton fabrics. Caustic treatment of polyester yarns was found to improve their wicking properties [10] . Similarly, it resulted in improved air permeability and better drape of polyester fabrics [11, 12] . These improvements could be attributed to the fact that caustic treatment modifies the surface of the polyester fibre by hydrolysis, which adds up hydroxyl and carboxyl groups on it, thus allowing it to attract more water reducing its inherent hydrophobicity. Moreover, it also increases the fibre fineness [7] . Both these factors can thus improve the moisture vapour transfer properties, air permeability and heat flow of the caustic treated polyester fabrics [13] [14] [15] . In the same manner, enzymatic treatment of cotton fabrics degrade the fibre surface, resulting in finer fibres without cuticle and thus improves moisture absorption capability and air permeability of fabric [16, 17] . Some cellulase enzymes produce pathways on the surface of cotton fibres, improving their moisture transport capacity [18] . Both the caustic and cellulase treatments also affect the number of hydrophilic groups in polyester and cotton fibres as both degrade the fibre. Increasing the number of hydrophilic groups increases the absorbency but decreases the moisture transport capability [19] . Therefore, any agent that affects any of the above-discussed properties will affect the overall comfort properties of P/C fabrics. This study was undertaken to observe the effect of caustic and cellulase treatment on comfort properties of P/C knitted fabric based on the fact that these treatments affect the fineness of fibre, their hydrophilicity and the permeability of fabric.
Materials and method

Fabric
A P/C single jersey knitted fabric, comprising 52% polyester and 48% cotton as an intimate blend, was used in this study. The area density of the fabric was 143 g/m 2 with 44 courses/ in. and 35 wales/in. 20 and 30 min, respectively, followed by washing, neutralizing and drying in ambient air.
Fabric treatment with cellulase
Similarly, the cotton component in blend was modified with cellulase enzyme treatment. Three bleached fabric samples were treated with 3 g/l Cellusoft CR (cellulase enzyme) at 55°C for 15, 30 and 45 min, respectively, followed by washing and drying at ambient temperature.
Testing of the treated samples
All the samples were conditioned overnight in standard environment before testing. Air permeability of the fabric was tested according to ASTM D737 using SDL Atlas air permeability tester. The moisture management properties of the samples were tested as described in AATCC 195-2009 using SDL Atlas moisture management tester. Based on the fact that caustic and enzymatic treatments may also affect the strength of the fabric, the effect of these treatments on bursting strength was also studied. It was determined according to ASTM D3786 using James H. Heals bursting strength tester.
Results and discussion
Effect of caustic and cellulase treatment on fabric air permeability
The effect of caustic and cellulase treatment on the air permeability of the treated fabric is shown in Figure 1 . From analysis of variance (ANOVA), it was concluded that caustic treatment at different process times results in statistically significant improvement in air permeability while the enzyme treatment does not have a significant impact on it. The correlation analysis further indicated that the fabric air permeability has strong positive correlation with reduction in fabric area density by the caustic treatment. The caustic treatment causes reduction in the diameter of the polyester fibres, leading to increase in the fabric porosity which subsequently improves the air permeability of fabric ( Figure 2 ). The cellulase treatment results in the removal of cotton fibres protruding out from the
Chemicals
The chemicals employed in this study are listed below.
• 
Machinery and equipment
The equipments employed to execute this work are listed below.
Fabric scouring and bleaching
The greige fabric was washed using 0.8 g/l Hostapal NI Extra at 65°C to emulsify the natural and added knitting oils and to remove any type of dust and dirt in it. The fabric was subjected to one-bath scouring and bleaching process at 90°C for 40 min, using 6 g/l hydrogen peroxide, 4 g/l caustic soda and 1 g/l Stabilizer CT. The fabric was then rinsed with water at ambient temperature, followed by a hot wash at 95°C for 20 min.
Fabric treatment with caustic soda
The polyester component of the P/C fabric under study was modified with caustic soda treatment. This treatment was performed at varying intensities. The difference in intensity was achieved by changing the time of treatment with fixed caustic soda concentration and temperature. Three bleached fabric samples were treated with 100 g/l caustic soda at 95°C for 10, Water absorption rate at the top and bottom faces of the treated fabric samples is given in Figure 4 . It is evident that the caustic treatment results in improved absorption rate, which increases with increase in the treatment time. However, increase in the absorption rate is not significant in case of cellulase treatment. Higher absorption rates for caustic treated fabrics may be explained to occur due to increase in interfibre spaces and porosity in the fabrics caused due to reduction in the polyester fibre diameter. The diameter of polyester fibres decreases because of the alkaline hydrolysis with caustic treatment. Since the action of enzyme is limited to the fabric surface only, absorption rate remains almost unchanged due to little increase in fabric pore size.
The increase in the fabric porosity due to increased interfibre spaces also results in greater movement of the water within the fabric surface while the fibres embedded deep in the fabric structure remain unaffected, thus resulting in improvement in fabric porosity. Figure 3 shows the effect of caustic and cellulase enzyme treatment on wetting time of the treated samples for both top and bottom sides. It is clear that the caustic treatment does not affect the fabric wetting time significantly, while the enzyme treatment increases the wetting time. It seems that the presence of some protruding cotton fibres at the fabric surface helps in quicker wetting of fabric but when these protruding hydrophilic cotton fibres are removed by the cellulase enzyme treatment, the wetting time of the fabric increases. OMMC. This may be attributed to higher absorption rate, better water spreading and accumulative one-way transport index in case of the fabrics, which have undergone caustic treatment. Figure 7 demonstrates that improvement in air permeability and moisture management properties is achieved at the cost of bursting strength of the fabric. The bursting strength of the caustic treated samples decreases due to decrease in fabric area density as a result of polyester fibre hydrolysis.
Effect of caustic and cellulases treatment on fabric moisture management properties
Effect of caustic and cellulases treatment on fabric bursting strength
fabric, leading to higher wetted radius as shown in Figure 5 . However, the cellulase enzyme treatment for 15 min results in no increase in wetted radius, whereas increase in cellulase treatment time steadily increases the fabric wetted radius. It appears that the removal of protruding cotton fibres results in smoother fabric surface that facilitates the water spreading, although not comparable to that achieved by caustic treatment, which also increases the fabric's internal porosity. Figure 6 shows that caustic treatment significantly increases the overall moisture management capability (OMMC) of the fabric. However, cellulase enzyme treatment decreases the However, an optimum level of treatment can produce fabric with enhanced moisture management and air permeability without substantial loss in bursting strength. In a future work, in addition to optimization, the authors intend to compare the air permeability, the moisture management and the bursting strength of cotton and caustic-treated polyester/cotton blended fabric knitted at the same fabric density from the yarns of the same linear density.
Conclusions
The effect of caustic and cellulase treatment on some aspects of thermo-physiological comfort of polyester/cotton knitted fabrics was studied. It was concluded that caustic treatment is very effective in improving fabric air permeability and moisture management properties of treated fabrics at the cost of bursting strength of the fabric, which may be kept to acceptable levels using mild treatment conditions. While cellulase treatment is effective in fabric surface smoothening through removal of cotton protruding fibres, its effectiveness for improving thermophysiological comfort is limited for the concentrations and the treatment times used in this study.
